It is well recognized that CD8 T cells play a critical role in control of chronic viral infections with human immunodeficiency virus (HIV), Epstein-Barr virus, cytomegalovirus, hepatitis B virus, and hepatitis C virus (HCV) (15, 21, 28, 34, 40, 43) . The elicitation and maintenance of a potent CD8 T-cell response is crucial for long-term virus control and prevention of viral recrudescence. The inability of patients to control HIV, hepatitis B virus, and HCV is strongly correlated with a loss of virus-specific CD8 T-cell responses (7, 22, 23, 28, 43, 44) . However, the homeostatic mechanisms underlying the regulation of CD8 T-cell responses during chronic viral infections are not well understood. Virus-specific CD8 T-cell numbers can be sustained during chronic viral infections by two distinct mechanisms that are not mutually exclusive: (i) one which is dependent upon the proliferation and/or maintenance of antigenspecific T cells that are present in the peripheral pool and (ii) one which is dependent upon recruitment and activation of recent thymic emigrants (38) . Although T-cell maturation can occur in extrathymic sites, the thymus is considered the primary source of naive T cells for the maintenance of a diverse repertoire of T cells in the periphery (24) . It is well documented that thymic output decreases with age as a result of a reduction in the thymic epithelial space, which is the site of active thymopoiesis (17, 24) . Consequent to lower thymic output, there is an age-dependent reduction in the ratio of naive T cells to memory T cells in the peripheral lymphoid tissues and restriction of the peripheral T-cell repertoire (24, 41) . However, the consequence of deficient thymic output in the maintenance of antiviral CD8 T-cell responses during a chronic viral infection is not known. Additionally, the ability of peripheral T cells to sustain an effective CD8 T-cell response during a chronic viral infection has not been tested in thymusdeficient animals. Furthermore, the impact of virus-induced thymic suppression (17) on the elicitation of antiviral CD8 T-cell responses in the periphery is not well understood. These issues need to be addressed because of their implication in the development of strategies to enhance T-cell responses in subjects with persistent viral infections.
The mouse model of lymphocytic choriomeningitis virus (LCMV) infection has provided seminal insights into the mechanisms that regulate CD8 T-cell responses in vivo. Depending upon the strain of virus used, LCMV infection can either be acute or chronic. Infection with the Armstrong strain of LCMV (LCMV-Arm) elicits a potent CD8 T-cell response that clears the virus in 8 to 10 days (45) . In striking contrast, infection of mice with the clone 13 strain of LCMV (LCMVclone 13) results in a protracted infection lasting up to 6 months (45) . Studies on the CD8 T-cell response to LCMVclone 13 have shown that establishment of a chronic infection is associated with a deletion of CD8 T cells specific to the D b -restricted NP396-404 and K b -restricted GP34-41 epitopes (45, 47) . Additionally, in concert with high levels of circulating LCMV-clone 13, CD8 T cells of other specificities exhibit various degrees of functional impairment in vitro in response to antigenic stimulation (45, 47) . The existence of such functionally impaired CD8 T cells has also been reported in simian immunodeficiency virus, HCV, and HIV infections (14, 16, 20, 35, 42, 46) . The role of thymic output in the regulation of virus-specific CD8 T-cell responses during a chronic LCMV infection has not been studied. In this study, we have investigated the impact of thymic deficiency on antigen-specific CD8 T-cell homeostasis and viral clearance during an acute and chronic LCMV infection.
MATERIALS AND METHODS
Mice. C57BL/6 mice were purchased from Jackson Laboratories (Bar Harbor, ME). Thymectomized (Thx) and sham-thymectomized (SThx) C57BL/6 mice were purchased from Charles River Laboratory (Wilmington, MA). Surgeries were performed when the mice were approximately 6 weeks old and used 2 to 3 weeks after surgery. Mice were kept under specific-pathogen-free conditions, and all experiments were performed per institutional animal care guidelines.
Virus infection. Mice were infected with either 2 ϫ 10 5 PFU of LCMV-Arm intraperitoneally to initiate an acute infection or 2 ϫ 10 6 PFU of LCMV-clone 13 intravenously to initiate a chronic infection or for rechallenge (1) . Infectious LCMV in the tissues was quantitated by a plaque assay using Vero cells (1) .
Quantitation of LCMV-specific CD8 T cells using MHC-I tetramers. The major histocompatibility complex class I (MHC-I) tetramers specific to the D brestricted LCMV cytotoxic T-lymphocyte (CTL) epitopes NP396-404 (NP396), GP33-41 (GP33), and GP276-286 (GP276) were prepared as described previously (32) . Single-cell suspensions of splenocytes were stained with allophycocyanin-labeled MHC-I tetramers, phycoerythrin-labeled anti-CD8, and fluorescein isothiocyanate-labeled anti-CD44 antibodies at 4°C for 1 h. Following staining, cells were fixed in 2% paraformaldehyde, and samples were acquired with a FACSCalibur flow cytometer (BD Biosciences, La Jolla, CA). Flow cytometry data were analyzed using CellQuest software (BD Biosciences). All antibodies were purchased from BD PharMingen (La Jolla, CA).
In vivo cytotoxicity assay. The MHC-I-restricted cytotoxic activity of CD8 T cells was assessed in vivo as described previously (13) . Briefly, splenocytes from naive uninfected C57BL/6 mice were labeled with either 0.1 M or 2 M of CFSE (Molecular Probes, Eugene, OR) at room temperature for 5 min. Fetal calf serum was added to the CFSE labeling reaction to a final concentration of 20% (vol/vol) to quench the dye. Splenocytes labeled with 2 M CFSE were pulsed with the CTL epitope peptide GP33-41 for 1 h at 37°C, while splenocytes labeled with 0.1 M CFSE were not pulsed with any peptide. Peptide-pulsed and unpulsed CFSE-labeled splenocytes (target cells) were mixed in equal proportions and transferred into uninfected, LCMV-Arm-infected, and clone 13-infected SThx and Thx mice by tail vein injection; each mouse received 10 7 peptide-pulsed and unpulsed target cells. Recipient mice were sacrificed 5 to 6 h after target cell transfer, and single-cell suspensions of splenocytes were prepared by standard procedures. The recovery of peptide-pulsed and unpulsed target cells in each mouse was quantitated by flow cytometry. The percent killing was calculated as follows: 100 Ϫ {[(% peptide pulsed in infected/% unpulsed in infected)/(% peptide pulsed in uninfected/% unpulsed in uninfected)] ϫ 100}.
Intracellular cytokine staining. The number of LCMV-specific cytokine-producing CD8 T cells in the spleen was quantitated by staining for intracellular gamma interferon (IFN-␥) as described previously (32) . Freshly explanted singlecell suspensions of splenocytes were cultured for 5 h with or without the LCMV CTL epitope peptides in the presence of brefeldin A and interleukin-2. After culture, the cells were stained with allophycocyanin-labeled anti-CD8 and fluorescein isothiocyanate-labeled anti-IFN-␥ using the Cytofix/Cytoperm kit (BD PharMingen). After staining, cells were fixed in 2% paraformaldehyde, and samples were acquired and analyzed as described above.
Measurement of BrdU incorporation in vivo. The proliferation of CD8 T cells was monitored in vivo by feeding mice with 5-bromo-2Ј-deoxyuridine (BrdU) in drinking water (0.8 mg/ml) (32) . At the end of BrdU treatment, splenocytes or hepatic mononuclear cells were stained with anti-CD8, anti-CD44, and MHC-I tetramers. Following surface staining, cells were stained for intracellular BrdU using anti-BrdU antibodies. The number of BrdU-positive cells was determined by flow cytometry as described above.
FIG. 1. Effect of thymectomy on virus-specific CD8 T-cell responses during an acute LCMV infection. Groups of SThx and Thx mice were infected with LCMV-Arm. On the eighth day after infection, the number of CD8 T cells specific to the CTL epitopes NP396, GP33, and GP276 was determined by staining splenocytes with anti-CD8, anti-CD44, and MHC-I tetramers. The dot plots in panel A are gated on total CD8 T cells, and the numbers are the percentages of tetramer-binding CD8 T cells of total splenocytes or total CD8 T cells (parentheses). The data in panel B represent absolute numbers of epitope-specific CD8 T cells in the spleen. The data are the means of three mice/group Ϯ standard deviations (SD) and are representative of two independent experiments.
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Statistical analysis.
Statistical analyses of data were performed using Systat (Chicago, IL) version 10.2 software program. Groups were compared by the Student's t test, and significance was defined as a P value of Յ0.05.
RESULTS

Role of thymic output in regulating primary antigen-specific CD8 T-cell responses to an acute lymphocytic choriomeningitis virus infection.
Here, we determined the effect of thymic deficiency on CD8 T-cell responses to an acute viral infection by infecting control SThx and Thx mice with LCMV-Arm. LCMV-specific CD8 T cells were enumerated in the spleen using MHC-I tetramers (D b ) specific to the CTL epitopes NP396, GP33, and GP276. Data in Fig. 1A and B show that on day 8 postinfection (p.i.), the frequencies and total number of LCMV-specific CD8 T cells in the spleen of SThx and Thx mice were comparable. These data indicated that thymectomy at ϳ6 weeks of age did not have any detectable adverse effect on the primary expansion of CD8 T cells during an acute LCMV infection. Consistent with elicitation of strong virusspecific CD8 T-cell responses, both SThx and Thx mice resolved LCMV-Arm by day 8 p.i. (data not shown). These data are consistent with previous work which showed that primary CD8 T-cell responses are normal in Thx mice at least until 4 to 5 months after thymectomy (11) .
Effect of thymic deficiency on CD8 T-cell memory and homeostatic turnover of naive and antigen-specific memory CD8 T cells in an acute LCMV infection. Recovery from an acute LCMV infection is associated with the development of potent CD8 T-cell memory and lifelong immunity to reinfection (32) . Forty days after infection with LCMV-Arm, we investigated the effect of thymectomy on the generation and maintenance of memory CD8 T cells in immune mice. As shown in Fig. 2A , during the memory phase of the CD8 T-cell response, the total number of naive (CD44 lo ) CD8 T cells in the spleens of Thx mice was lower than that in SThx mice, which confirms that the thymus is the dominant source of naive T cells in mice. In contrast to reduced naive T-cell numbers, the total number of activated/memory (CD44 hi ) CD8 T cells in the spleens of Thx mice was comparable to those in SThx mice. These data suggested that the lack of thymic output influenced the homeostasis of only naive T cells but not activated/memory T cells in the periphery. To examine the effect of thymic deficiency on the homeostasis of antigen-specific memory T cells, we quantitated LCMV-specific memory CD8 T cells in the spleen of SThx and Thx mice using MHC-I tetramers. As illustrated in Fig. 2B , the number of LCMV-specific memory CD8 T cells in the spleen of Thx mice was similar to that in SThx mice. Similar findings were noted when LCMV-specific CD8 T-cell memory was assessed 160 days later (data not shown). Taken together, thymectomy at 6 weeks of age did not lead to appreciable alterations in the number of memory CD8 T cells generated following an acute LCMV infection. In the absence of thymic output, the peripheral naive T-cell pool is maintained by expansion and/or extended longevity of the preexisting T cells and T-cell development in extrathymic locations (17, 41) . On the other hand, memory T cells are maintained by slow proliferation, termed proliferative renewal, under the influence of cytokines (36) . Under normal homeostatic conditions, it is believed that naive and memory T cells belong to separate niches and are subject to independent regulatory mechanisms (12) . However, it was of interest to examine the effect of thymic deficiency on the proliferation of naive and antigen-specific memory CD8 T cells during the memory phase of the CD8 T-cell response to an acute viral infection. About 200 days after LCMV infection, we compared the proliferation of naive CD8 T cells and LCMV-specific memory CD8 T cells in vivo in both lymphoid and nonlymphoid organs between SThx and Thx mice. As illustrated in Fig. 3 , in SThx mice, as expected, the naive CD8 T cells (CD44 lo ) in both spleen and liver showed very little proliferation during a period of 8 days. Interestingly, in the Thx mice, while the rate of naive CD8 T-cell turnover in the spleen was comparable to that in SThx mice, the proliferation of naive CD8 T cells in the liver of Thx mice was higher than that in SThx mice. The turnover rate of activated/memory (CD44 hi ) CD8 T cells in both SThx and Thx mice was higher than that of the naive CD8 T cells. However, the relative proportions of proliferating cells among activated/memory CD8 T cells in both spleen and liver were comparable between SThx and Thx mice. Consistent with these findings, thymic deficiency had a minimal impact on the turnover of LCMV-specific memory CD8 T cells in both lymphoid and nonlymphoid organs. Role of thymic output in regulating the kinetics of antigenspecific CD8 T-cell responses during a chronic lymphocytic choriomeningitis virus infection. Next, we determined whether a lack of thymic output would affect the kinetics of the virusspecific CD8 T-cell response during a chronic LCMV infection. Groups of SThx and Thx mice were infected with LCMVclone 13, and the kinetics of the CD8 T-cell response was studied using MHC-I tetramers (Fig. 4) . As shown in Fig. 4 , at the peak of the CD8 T-cell response (day 8 p.i.), the frequencies and total number of LCMV-specific CD8 T cells in SThx and Thx mice were similar. These data suggested that thymectomy did not significantly affect the expansion phase of the CD8 T-cell response to LCMV-clone 13 infection. Following the expansion phase, the CD8 T-cell response in both SThx and Thx mice underwent a phase of programmed contraction. In the SThx mice, between days 8 and 30 p.i., there was an approximately 4.3-, 4.0-, and 1.8-fold drop in the total number of NP396-specific, GP33-specific, and GP276-specific CD8 T cells, respectively. Notably, the contraction phase of the CD8 T-cell response was more accentuated in the Thx mice than that in the SThx mice; between days 8 and 30 p.i., the total number of NP396-, GP33-, and GP276-specific CD8 T cells dropped by ϳ12-, 7.4-, and 2.5-fold, respectively, in the Thx mice. On day 30 p.i., the total number of LCMV-specific CD8 T cells in the spleens of Thx mice was significantly lower than that in SThx mice. However, after day 30 p.i., the number of LCMV-specific CD8 T cells in Thx mice rebounded to levels comparable to those in SThx mice.
The transient nature of the CD8 T-cell defect in Thx mice was not due to incomplete thymectomy, because (i) careful postmortem visual inspection revealed no evidence of thymic remnants in any of the Thx mice and (ii) thymectomy resulted in a significant reduction in the number of naive CD8 T cells ( Fig. 2A) over time, which is in complete agreement with previously published data (11). The differences in the kinetics of the CD8 T-cell response between SThx and Thx mice could be a sequel to alterations in the in vivo rate of proliferation of LCMV-specific CD8 T cells. First, we investigated whether deficits in the proliferation of LCMV-specific CD8 T cells accounted for the exaggerated loss of CD8 T cells in Thx mice (between days 15 and 30 p.i.). Groups of SThx and Thx mice were infected with LCMV-clone 13 and treated with BrdU between days 15 and 25 p.i., and BrdU incorporation by LCMV-specific CD8 T cells was assessed by flow cytometry. A large proportion of LCMV-specific CD8 T cells were actively proliferating in vivo in both SThx and Thx mice during the 5 show that between days 30 and 40 p.i., comparable numbers of LCMV-specific CD8 T cells incorporated BrdU in SThx and Thx mice. Taken together, these data suggested that a transient deficit in the number of LCMV-specific CD8 T cells in Thx mice might not be a consequence of an in vivo proliferative defect.
Resolution of a chronic LCMV infection in the absence of thymic output. It was of interest to determine whether the accelerated loss of LCMV-specific CD8 T cells in Thx mice affected clearance of LCMV-clone 13 from the tissues. To address this issue, we quantitated infectious LCMV levels in liver and lung on various days after infection (Fig. 6) . Compared to SThx mice, Thx mice exhibited delayed clearance of LCMV-clone 13 from the tissues. On days 5, 8, and 15 p.i., the viral load in the tissues of Thx and SThx mice were comparable. However, notably, on day 30 p.i., the viral titers in the liver and lung of Thx mice were 50-to 100-fold higher than in SThx mice. On day 45 p.i., while five of six SThx mice resolved LCMV in the liver, three of six livers from Thx mice contained relatively high levels of infectious virus. By day 80 p.i., while both SThx and Thx mice resolved LCMV from the liver, the viral titers in the lungs of Thx mice were slightly higher than those in SThx mice. Taken together, these data show that the absence of thymic output might delay normal viral clearance during a chronic LCMV infection. 
CD8 T-cell function during a chronic LCMV infection in the absence of thymic output.
The control of LCMV-clone 13 infection is dependent upon the presence of functional virusspecific CD8 T cells (27, 45, 47) . CD8
ϩ T cells exert their effector function via cell-mediated cytotoxicity and/or producing cytokines like IFN-␥ and tumor necrosis factor alpha. First, we assessed the class I-restricted cytotoxic activity of LCMVspecific CD8 T cells using an in vivo cytotoxicity assay. As shown in Fig. 7 , as expected, uninfected mice showed no detectable CTL activity, while mice infected with LCMV-Arm showed potent in vivo CTL activity. Importantly, LCMV-specific CD8 T cells present in both SThx and Thx mice exhibited strong cytotoxic activity in vivo on days 8, 21, and 45 p.i.; GP33-specific CD8 T cells in both SThx and Thx mice (Fig. 7) . These data suggested that delayed clearance of LCMV in Thx mice cannot be attributed to a defect in the ability of effector CD8 T cells to perform cytotoxicity in vivo. Previous work has shown that cytokines might be important in the resolution of an LCMV infection (25, 39) . Therefore, we examined the effect of thymectomy on the maintenance of cytokine-producing virus-specific CD8 T cells in mice during a chronic infection with LCMV-clone 13. The number of cytokine-producing LCMV-specific CD8 T cells was enumerated using intracellular staining for IFN-␥ following antigenic stimulation ex vivo. As shown in Fig. 8A , on days 5 and 8 p.i., the spleens of SThx and Thx mice contained comparable numbers of LCMV-specific IFN-␥-producing CD8 T cells. In both SThx and Thx mice, after day 8 p.i., there was a marked drop in the number of IFN-␥-producing NP396-specific CD8 T cells, and they were barely detectable by day 30 p.i. Between days 8 and 15 p.i., the number of IFN-␥-producing GP33-and GP276-specific CD8 T cells dropped by ϳ4-and 2-fold, respectively, in the SThx mice and showed minimal change thereafter. Strikingly, substantially greater numbers of IFN-␥-producing CD8 T cells were lost in Thx mice between days 8 and 30 p.i. compared to SThx mice (Fig. 8A) . In Thx mice, the magnitude of reduction in the number of GP33-and GP276-specific IFN-␥-producing CD8 T cells between days 8 and 30 p.i. was ϳ14-and 5-fold, respectively. As a result, on day 30 p.i., there were approximately fivefold fewer functional LCMV-specific CD8 T cells in the spleens of Thx mice than in those of SThx mice. The striking reduction in the number of functional LCMV-specific CD8 T cells on day 30 p.i. in Thx mice is at least partly due to clonal deletion (Fig. 4, bottom) . However, functional unresponsiveness of LCMV-specific CD8 T cells on day 30 p.i. was also a contributing factor, because simultaneous enumeration of LCMV-specific CD8 T cells by both MHC-I tetramers (phenotypic) and intracellular cytokine staining (functional) indicated that a slightly greater proportion of GP33-specific CD8 T cells in Thx mice were unable to produce IFN-␥ (dysfunctional) upon stimulation ex vivo (Fig. 8B) . Nonetheless, in the ensuing 50 days, the number of IFN-␥-producing CD8 T cells in Thx mice reached levels similar to those in SThx mice. Taken together, these data suggested that delayed virus clearance in Thx mice correlates with the transient reduction in the number of functional cytokine-producing CD8 T cells in vivo. By 45 days p.i., most of the SThx and Thx mice had resolved LCMV-clone 13 from the liver (Fig. 6 ). We were interested to examine whether CD8 T cells in LCMV-clone 13-infected SThx and Thx mice differed in their ability to protect against reinfection in the liver. To this end, we rechallenged naive and LCMV-immune SThx and Thx mice with LCMV-clone 13 and examined them for protection 5 days later (Fig. 9 ). As expected, the viral titers in the liver of LCMV-clone 13-infected naive SThx and Thx mice were very high (Fig. 9A) . In striking contrast, viral titers in the livers of LCMV-immune SThx and Thx mice were extremely low or below the level of detection.
We also quantitated the number of LCMV-specific CD8 T cells in the spleens of rechallenged LCMV-immune SThx and Thx mice (Fig. 9B) . The numbers of NP396-and GP276-specific CD8 T cells in the spleens of rechallenged SThx and Thx mice were comparable (Fig. 9B) . However, the spleens of SThx mice contained ϳ3-fold more GP33-specific CD8 T cells than those in Thx mice. Thus, thymectomy did not preclude the development of protective immunity to reinfection in LCMVclone 13-immune mice.
DISCUSSION
A thorough understanding of the mechanisms underlying the regulation of CD8 T-cell responses during chronic viral infections is imperative for the development of effective prophylactic and immunotherapeutic strategies. In this study, we have investigated an important aspect of CD8 T-cell responses during a chronic LCMV infection: the relative importance of the peripheral T-cell repertoire versus recent thymic emigrants in the long-term maintenance of virus-specific T-cell responses. We show that thymic deficiency in adults can lead to transient T-cell deficits and delayed viral clearance with minimal impact on the long-term maintenance of T-cell responses during a chronic viral infection.
It is well established that progressive disease with HIV and HCV is associated with a loss of CTL responses (7, 22, 23, 28, 43, 44) . Therefore, it makes sense to develop therapeutic strategies to enhance and/or maintain strong CD8 T-cell responses during chronic viral infections. However, mechanisms underlying the maintenance of T-cell responses during chronic viral infections are not well characterized. Chronic viral infections are associated with high rates of T-cell turnover over an extended period of time (4, 5, 10, 26, 30, 31, 37) . Despite the continuing proliferation, the number of activated/memory T cells does not increase over time in chronic infections like HIV, which suggests a scenario where cellular apoptotic rates exceed the rate of proliferation (2, 18, 19, 28, 29, 30) . Extended periods of proliferation will likely predispose CD8 T cells to activation-induced cell death and possibly replicative senescence (6, 8, 9, 33, 45) . It is not known whether recruitment of naive CD8 T cells is needed as "reinforcement" to maintain CD8 T-cell numbers during extended periods of high T-cell turnover. In this study, we asked the question of whether the peripheral T-cell compartment is capable of sustaining CD8 T-cell responses in the absence of thymic output during chronic infection of mice with LCMV. The CD8 T-cell response during a chronic LCMV infection can be divided into three phases: the expansion phase (days 0 to 8 p.i.), the contraction phase (days 8 to 30 p.i.), and the phase of stability. Consistent with previously published findings, in LCMV-clone 13-infected SThx mice, the phase of CD8 T-cell expansion was followed by the contraction phase (3). By contrast, in LCMVclone 13-infected Thx mice, following a normal expansion phase, the contraction phase was characterized by an exaggerated loss of virus-specific CD8 T cells between days 8 and 30 p.i. which was followed by a strong rebound in CD8 T-cell numbers between days 30 and 45 p.i. The mechanism(s) underlying the pronounced contraction and rebound of CD8 T cells in Thx mice is unclear. In vivo BrdU incorporation studies showed that similar percentages of LCMV-specific CD8 T cells incorporated BrdU in SThx and Thx mice between days 15 and 25 p.i., which suggested that the increased loss of virus-specific CD8 T cells in Thx mice between days 8 and 30 p.i. might not be due to "sluggish" proliferation of CD8 T cells. Furthermore, we did not find correlations between the in vivo proliferation rate and the observed rebound in the number of LCMV-specific CD8 T cells in the spleen of Thx mice after day 30 p.i. However, it is worth pointing out that BrdU incorporation studies quantitated only the percentages of LCMV-specific CD8 T cells that incorporated BrdU in a 10-day period and not the number of cell divisions. Although precise measurements of the number of cell divisions in a given time interval should resolve this issue, current technologies preclude such in vivo assessments during an ongoing immune response. If indeed the proliferation rates of LCMV-specific CD8 T cells are unaffected by thymic deficiency, perhaps the apoptotic rates of LCMV-specific CD8 T cells are different between SThx and Thx mice at different stages of the T-cell response. It should be noted that on day 30 p.i., viral load in the nonlymphoid tissues of LCMV-clone 13-infected Thx mice was greater than that in SThx mice. Therefore, it is possible that a reduced number of LCMV-specific CD8 T cells in the spleen of Thx mice on day 30 p.i. might be due to sequestration of CD8 T cells in the infected peripheral tissues. After day 30 p.i., with reducing viral load in the peripheral tissues, LCMV-specific CD8 T cells in Thx mice might relocate to the spleen. In comparison to SThx mice, clearance of LCMV-clone 13 is slightly delayed in Thx mice. The viral burden in Thx mice, particularly on day 30 p.i., was higher than that in SThx mice. It is likely that perforin-dependent cytotoxicity and noncytolytic cytokine-dependent antiviral mechanisms are both important in the CD8 T-cell-dependent resolution of a chronic LCMV infection. GP33-specific CD8 T cells in both SThx and Thx mice exhibited very good CTL activity in vivo on days 8, 21, and 45 p.i., which suggested that the inefficient control of LCMV-clone 13 in Thx mice might not be due to a defect in cell-mediated cytotoxicity. On day 30 p.i., higher viral titers in Thx mice correlated with a reduced number of cytokine-producing CD8 T cells in the spleen. However, in the ensuing 2 weeks, virus-specific CD8 T cells in Thx mice regained their cytokine-producing ability and cleared LCMV-clone 13, albeit with a slight delay. In summary, a slight delay in LCMV clearance in Thx mice might be related to a transient deficit in cytokine production by virus-specific CD8 T cells.
In summary, first, we have documented that thymic deficiency has a minimal impact on the expansion phase of the CD8 T-cell response and regulation of memory CD8 T-cell homeostasis during an acute LCMV infection. Second, we show that during a chronic LCMV infection, thymic deficiency led to only a transient deficit in CD8 T-cell function and a slight delay in viral clearance. Importantly, we show that the peripheral T-cell repertoire is extremely robust and competent in sustaining T-cell responses during a protracted infection in the absence of thymic output. In conclusion, the findings presented in this paper should further our understanding of the dynamics of T-cell responses in chronic viral infections and also may have implications in immune therapy of human viral infections.
